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ABSTRACT
The CC-chemokine receptor 5 (CCR5) is a receptor for various proinflammatory chemokines, and a deletion
variant of the CCR5 gene (CCR5�32) leads to deficiency of the receptor. We hypothesized that CCR5�32
modulates inflammation-driven mortality in patients with ESRD. We studied the interaction between CCR5
genotype and levels of high-sensitivity C-reactive protein (hsCRP) in 603 incident dialysis patients from the
multicenter, prospective NEtherlands COoperative Study on the Adequacy of Dialysis (NECOSAD) cohort.
CCR5 genotype and hsCRP levels were both available for 413 patients. During 5 yr of follow-up, 170 patients
died; 87 from cardiovascular causes. Compared with the reference group of patients who had the wild-type
CCR5 genotype and hsCRP � 10 mg/L (n � 225), those carrying the deletion allele with hsCRP � 10 mg/L
(n � 55) had similar mortality, and those carrying the wild-type genotype with hsCRP � 10 mg/L (n � 108)
had an increased risk for mortality (HR: 1.82; 95% CI: 1.29 to 2.58). However, those carrying the deletion allele
with hsCRP � 10 mg/L (n � 25) had a mortality rate similar to the reference group; this seemingly protective
effect of the CCR5 deletion was even more pronounced for cardiovascular mortality. We replicated these
findings in an independent Swedish cohort of 302 ESRD patients. In conclusion, the CCR5�32 polymorphism
attenuates the adverse effects of inflammation on overall and cardiovascular mortality in ESRD.
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Cardiovascular disease (CVD) is a prominent cause of
mortality in ESRD patients.1 A persistent inflamma-
tory state has been recognized as a risk factor in this
respect. An established marker of systemic inflamma-
tion is an elevated serum level of C-reactive protein
(CRP).2,3 Although CRP has been strongly associated
with overall and cardiovascular mortality in dialysis
patients, recent evidence suggests that CRP itself does
not have an atherogenic potential.4–9

The inflammatory process in atherosclerosis is
characterized by infiltration of monocytes and T
lymphocytes in the vascular wall in response to che-
mokines. Different studies suggest that the chemo-
kines CCL5/RANTES, CCL3/macrophage inflam-
matory protein-1� (MIP-1�), and CCL4/MIP-1�

and their receptor CC-chemokine receptor 5
(CCR5) play a role in the pathogenesis of athero-
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sclerosis.10 –14 CCR5 is expressed on the principal cell types
implicated in atherogenesis.15–18

In states of inflammation, the CCR5 receptor could con-
tribute to atherogenesis through the binding of its ligands,
which in turn mediate the recruitment of inflammatory cells to
the endothelium. Interestingly, patients with a dysfunctional
CCR5 due to the gene polymorphism CCR5 deletion 32
(CCR5�32), a 32-bp deletion in the open reading frame lead-
ing to premature termination of the protein and sequestration
in the endoplasmic reticulum, have an improved prognosis in
atherosclerotic diseases.19 –23 Thus, CCR5�32 could be a rate-
limiting factor in the increased mortality rate associated with
systemic inflammation.

We therefore hypothesized that the CCR5�32 polymor-
phism might alter the previously observed association of ele-
vated CRP with mortality in ESRD. To test this hypothesis, we
investigated whether the CCR5�32 polymorphism modifies
the effect of CRP on mortality in a Dutch dialysis cohort, the
NEtherlands COoperative Study on the Adequacy of Dialysis
(NECOSAD). For independent confirmation, we analyzed the
corresponding associations in a Swedish cohort of ESRD pa-
tients.

RESULTS

A total of 603 patients were included in the present analysis. In
413 patients (68%), the CCR5 genotype and hsCRP levels were
available. Compared with the 190 patients without hsCRP
and/or CCR5 data, these patients were slightly older (59.7 ver-
sus 57.1 yr, P � 0.05) and included more hemodialysis (HD)
patients (67% versus 52%, P � 0.01). Comorbidities such as
diabetes mellitus did not differ in both patients groups (35%
versus 30%, P � 1.19, and 25% versus 20%, P � 0.11, respec-
tively). No differences were found in serum albumin (35.7 g/l
versus 36.3 g/l, P � 0.25). However, a better survival was ob-
served for the 413 patients with both hsCRP and CCR5 data
with a median of 1370 d (3.75 yr; 710 to 1826 d) of follow-up,
and a mortality rate of 122 per 1000 person years within 5 yr of
follow-up, compared with a median of 1006 d of follow-up and
a mortality rate of 147 per 1000 person years within 5 yr of
follow-up for the 190 patients without hsCRP and/or CCR5
data. Further statistical analyses were performed on the 413
patients.

The CCR5 ins32/del32 polymorphism was distributed as
follows: ins/ins, 333 (80.6%); ins/del, 73 (17.7%); and del/del,
7 (1.7%). The genotype distribution did not deviate signifi-
cantly from Hardy-Weinberg equilibrium (P � 0.21).

Baseline characteristics are shown in the first column of
Table 1. The patient characteristics for the different genotype
groups were similar at the start of dialysis, except antihyper-
tensive medication use. Patients homo- or heterozygous for
the deletion allele used more antihypertensive medications
(P � 0.01). The median CRP levels in the two genotype groups
were as follows: in the CCR5 ins/ins group: 4.7 mg/L (1.8 to

13.4 mg/L) and in the CCR5 del group: 6.9 mg/L (2.4 to 14.1
mg/L) (P � 0.22).

Mortality and Systemic Inflammation
A total of 170 (87 [51%] cardiovascular) patients died during
follow-up of 5 yr. The mortality rate in the group with
hsCRP � 10 mg/L was 91 per 1000 person years as opposed to
207 per 1000 person years in the group with hsCRP � 10 mg/L.
Kaplan-Meier survival analysis showed a statistically signifi-
cant difference in all-cause, cardiovascular and noncardiovas-
cular mortality for the two hsCRP level groups; those with
hsCRP � 10 mg/L had the worst survival (log rank: P � 0.01).
We confirmed these univariate findings by Cox regression
analysis (adjusted hazard ratio [HR] for patients with
hsCRP � 10 mg/L compared with hsCPR � 10 mg/L for all-
cause mortality: 1.78 [95% confidence interval (CI): 1.31 to
2.42; P � 0.01], for cardiovascular mortality: 1.70 [95% CI:
1.10 to 2.63; P � 0.02], and for noncardiovascular mortality:
1.87 [95% CI: 1.20 to 2.91; P � 0.01]).

When analyzed as a continuous variable, the adjusted mor-
tality risk per unit hsCRP increase was 1.31 (95% CI: 1.17 to
1.48; P � 0.01) for all-cause mortality, 1.24 (95% CI: 1.04 to
1.46; P � 0.01) for cardiovascular mortality, and 1.41 (95% CI:
1.18 to 1.67; P � 0.01) for noncardiovascular mortality.

Mortality and Systemic Inflammation and CCR5
Polymorphism Interaction
Of the 170 patients who died within 5 yr of follow-up, 140
patients were noncarriers of the CCR5�32 polymorphism
(42% of all noncarriers), and 30 patients were carriers of the
polymorphism (38% of carriers).

The Kaplan Meier survival curve (Figure 1) shows that pa-
tients with hsCRP � 10 mg/L and not carrying a deletion allele
had the worst survival (log rank: P � 0.01). In Table 2, the HRs
for all-cause mortality are presented. In the NECOSAD cohort,
noncarriers of the deletion allele with hsCRP � 10 mg/L had an
increased all-cause mortality risk compared with noncarriers
with hsCRP � 10 mg/L. Patients in the group with hsCRP � 10
mg/L, carrying the deletion allele showed a much less elevated
HR for all-cause mortality. This effect was even more pro-
nounced for cardiovascular mortality (Table 2). For noncardio-
vascular mortality, the protective effect of the deletion allele in
patients with an elevated hsCRP was less pronounced (Table 2).

In Table 3, the HRs for all-cause, cardiovascular, and non-
cardiovascular mortality for hsCRP level as a continuous vari-
able for the two genotype groups are presented; hsCRP levels
are associated with mortality in patients with the CCR5 ins/ins
genotype and not in patients carrying a deletion allele, for car-
diovascular mortality the results are more pronounced. For
noncardiovascular mortality in both CCR5 genotype groups,
there was a significant increase in mortality risk per unit hsCRP
increase.

Limiting the analysis to patients with hsCRP level �50 mg/L to
exclude patients who could have had an acute infection showed
the same HRs for overall and cardiovascular mortality. The HRs
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for noncardiovascular mortality for the group with hsCRP � 10
mg/L, carrying the deletion allele resulted in a lower value (ad-
justed HR: 1.08 [95% CI: 0.38 to 3.04; P � 0.89]).

Also, limiting the analysis to Caucasian patients resulted in
comparable HRs (data not shown).

By taking the median hsCRP level as a cut-off point instead
of using a cut off hsCRP level of 10 mg/L to divide patients into
two groups (with or without a systemic inflammation, respec-
tively) yielded similar results. Also, extending the follow-up to
more than 5 yr did not significantly change the results; neither

Table 1. Baseline characteristics of the Dutch NECOSAD and Swedish cohorts

NECOSAD
n � 413

Swedish Cohort
n � 302

Gender: male 253 (61.3) 185 (61.3)
Age (year) 62 (50 to 71) 55 (44 to 64)
Caucasian 379 (91.8)
Hemodialysis 277 (67.1) 142 (47.0)
Peritoneal dialysis 136 (32.9) 160 (53.0)
Primary kidney disease

Diabetes mellitus 75 (18.2) 88 (29.1) Diabetic nephropathy
Glomerulonephritis 48 (11.6) 84 (27.8) Chronic glomerulonephritis
Renal vascular disease 76 (18.4) 12 (4.0) Nephrosclerosis
Other 214 (51.8) 35 (11.6) Polycystic kidney disease

83 (27.5) Other
Cardiovascular disease 144 (34.9) 99 (32.8)
Diabetes mellitus 105 (25.4) 88 (29.1)
Smoking

Never 120 (29.2)
Former 194 (47.2)
Current 97 (23.6)

DBP (mmHg) 83 (12.8) 88 (13.2)
SBP (mmHg) 150 (25.4) 151 (23.8)
Antihypertensive medication 356 (86.2)
Lipid lowering medication 121 (29.3)
hsCRP (mg/L) 5.1 (1.9 to 13.7) 4.9 (2.0 to 14.0)
hsCRP � 10 (mg/L) 133 (32.2) 101 (33.4)
Cholesterol (mmol/l) 5.0 (1.3) 5.3 (1.5)
Albumin (g/L) 32.5 (6.9) 33.2 (6.1)
Hemoglobin (g/dl) 11.0 (1.4) 10.4 (1.4)
GFR (ml/min) 4.2 (3.1) 6.6 (2.3)
Kt/V/wk 2.3 (0.9) —
CCR5

Ins/ins 333 (80.6) 246 (81.5)
Ins/del32 73 (17.7) 51 (16.9)
Del32/del32 7 (1.7) 5 (1.7)

Data are presented as number (percentage), median (25, 75th percentile), mean (standard deviation; SD). DBP, diastolic blood pressure; SBP, systolic blood
pressure.

Figure 1. Kaplan-Meier overall survival curve for
patients in the NECOSAD cohort according to
CCR5 genotype combined with or without elevated
hsCRP (mg/L) levels (log rank: P � 0.001).
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did further adjusting for primary kidney disease, smoking, BP,
and medication use (data not shown).

Independent Replication
The population used for confirmation consisted of 302 ESRD
patients characterized for CCR5 genotype and hsCRP level.
Baseline characteristics are given in the second column of
Table 1. There were no differences in baseline characteris-
tics between CCR5�32 carriers and noncarriers. The causes
of primary kidney disease differed between the NECOSAD
and the Swedish cohort. Also, compared with the NE-
COSAD study population, the Swedish cohort was, by in-
clusion criteria, significantly younger and a lower propor-
tion of patients started on HD. Whereas mean diastolic BP,
cholesterol levels, and GFR were higher, the hemoglobin
level was lower. The median follow-up was 1457 d (3.99 yr;
712 to 1826 d). The CCR5�32 genotype distribution did not
deviate significantly from Hardy-Weinberg equilibrium
(P � 0.22), and the allele frequencies did not differ from the
NECOSAD cohort (P � 0.96). During 5 yr of follow-up, 80
patients died (57 cardiovascular): 64 (26%) patients with-
out the CCR5�32 polymorphism and 16 (29%) of the pa-
tients carrying the CCR5�32 polymorphism. In accordance
with the NECOSAD cohort, in the Swedish cohort noncar-

riers of the deletion allele with an elevated hsCRP level had
an increased mortality rate (Table 2). Similarly, carriers of
the deletion allele without and with an elevated hsCRP
showed a lower effect estimate in survival. For cardiovascular
mortality, the HRs with CCR5 ins/ins and hsCRP � 10 as ref-
erence were as follows: CCR5 ins/ins and hsCRP � 10: 2.55
(95% CI: 1.44 to 4.51; P � 0.01), adjusted 1.69 (95% CI: 0.94 to
3.05; P � 0.08); CCR5�32 and hsCRP � 10: 1.17 (95% CI: 0.44
to 3.06; P � 0.76), adjusted 1.73 (95% CI: 0.64 to 4.68; P �
0.28); CCR5�32 and hsCRP � 10: 1.50 (95% CI: 0.57 to 3.95;
P � 0.41), adjusted 0.98 (95% CI: 0.37 to 2.61; P � 0.96). For
noncardiovascular mortality, there were no statistically signif-
icant differences between the four groups.

In Table 3, the HRs for all-cause mortality for hsCRP level as
a continuous variable for the two genotype groups are pre-
sented. For cardiovascular mortality, the unadjusted and ad-
justed risks were respectively 1.43 (95% CI: 1.17 to 1.76; P �
0.01) and 1.24 (95% CI: 1.00 to 1.55; P � 0.05) in the CCR5
ins/ins genotype group and, respectively, 1.20 (95% CI: 0.76 to
1.89; P � 0.45) and 0.55 (95% CI: 0.27 to 1.11; P � 0.09) in the
CCR5�32 genotype group.

Combining the Swedish cohort with the NECOSAD cohort
gave comparable results (with smaller CIs) as initially found in
the NECOSAD population (Table 4).

Table 2. Mortality rate per 1000 person years, HR (95% CI), and P values for all-cause, cardiovascular, and
noncardiovascular mortality in the NECOSAD cohort and HR (95% CI) and P values for all-cause mortality in the Swedish
cohort

CCR5 ins/ins and
hsCRP < 10 mg/L

(n � 225)

CCR5 ins/ins and
hsCRP > 10 mg/L

(n � 108)

CCR5�32 and
hsCRP < 10 mg/L

(n � 55)

CCR5�32 and
hsCRP > 10 mg/L

(n � 25)

NECOSAD
All-cause mortality

Mortality rate 91 228 90 133
Crude HR 1 2.55 (1.83 to 3.56) 1.00 (0.60 to 1.65) 1.48 (0.79 to 2.79)
P �0.01 0.99 0.22
Adjusted HR 1 1.82 (1.29 to 2.58) 0.90 (0.54 to 1.50) 1.39 (0.73 to 2.62)
P �0.01 0.69 0.32

Cardiovascular mortality
Mortality rate 47 112 52 60
Crude HR 1 2.50 (1.56 to 4.00) 1.11 (0.57 to 2.17) 1.30 (0.51 to 3.31)
P �0.01 0.76 0.58
Adjusted HR 1 1.85 (1.13 to 3.01) 1.05 (0.53 to 2.07) 1.25 (0.49 to 3.17)
P 0.01 0.89 0.64

Noncardiovascular mortality
Mortality rate 44 116 38 72
Crude HR 1 2.60 (1.62 to 4.19) 0.88 (0.41 to 1.88) 1.67 (0.71 to 3.97)
P �0.01 0.73 0.24
Adjusted HR 1 1.82 (1.12 to 2.97) 0.76 (0.35 to 1.65) 1.52 (0.64 to 3.63)
P 0.02 0.49 0.34

Swedish (n � 167) (n � 79) (n � 34) (n � 22)
All-cause mortality

Crude HR 1 2.44 (1.50 to 3.99) 1.50 (0.72 to 3.15) 1.50 (0.66 to 3.40)
P �0.01 0.28 0.33
Adjusted HR 1 1.67 (1.01 to 2.77) 1.95 (0.91 to 4.19) 0.94 (0.41 to 2.17)
P 0.05 0.09 0.89

Adjusted for gender, age at inclusion, cardiovascular disease, diabetes, and dialysis modality.
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DISCUSSION

Our prospective study of Dutch incident dialysis patients sug-
gests that mortality in ESRD associated with elevated serum

hsCRP concentrations is modulated by the CCR5�32 poly-
morphism. Elevated hsCRP was significantly associated with
decreased survival in patients who were homozygous for the
major allele and thus had a functional receptor. Interestingly,
even although elevated hsCRP conferred an increased haz-
ard for mortality in carriers of the deletion allele, this was
one-third the magnitude observed in noncarriers and NS.
For cardiovascular mortality, this suggested protective ef-
fect of a deletion allele was even more pronounced. For
all-cause mortality, this finding was replicated in an inde-
pendent Swedish cohort of ESRD patients. HRs for cardio-
vascular mortality showed the same trend, although not sta-
tistically significant. Also, when analyzed on a continuous
scale, hsCRP levels were associated with (cardiovascular)
mortality in patients with the CCR5 ins/ins genotype and
not in patients carrying a deletion allele. These results sug-
gest that CCR5 deficiency (implicated by one or two copies
of a nonfunctional CCR5 gene) attenuates the adverse ef-
fects of a persistent inflammatory state that may lead to
mortality in ESRD patients. Considering the importance of
the inflammatory state for prognosis and the current devel-
opments in pharmacotherapy, this finding may have con-
siderable potential clinical implications.

Blocking CCR5 has been proposed as a novel therapeutic
approach for cardiovascular conditions by interfering with
systemic inflammation. This concept is supported by an an-
imal study by Veillard et al. 24, in which treatment of hyper-
cholesterolemic mice with the CCR5 antagonist Met-RAN-
TES reduced progression of atherosclerosis. Moreover,
Schober et al.25 demonstrated that treatment of apoE-defi-
cient mice with Met-RANTES reduced neointimal plaque
area and macrophage infiltration. Finally, treatment with
TAK-799, a CCR5 chemokine receptor antagonist, reduced
lesion development in a collar-induced carotid artery ath-
erosclerosis model.26

Table 4. HR (95% CI) and P values for all-cause, cardiovascular, and noncardiovascular mortality in the combined cohort

NECOSAD and Swedish
CCR5 ins/ins and
hsCRP < 10 mg/L

(n � 392)

CCR5 ins/ins and
hsCRP > 10 mg/L

(n � 187)

CCR5�32 and
hsCRP < 10 mg/L

(n � 89)

CCR5�32 and
hsCRP > 10 mg/L

(n � 47)

All-cause mortality
Crude HR 1 2.46 (1.87 to 3.25) 1.16 (0.77 to 1.76) 1.42 (0.86 to 2.34)
P �0.01 0.49 0.17
Adjusted HR 1 1.73 (1.31 to 2.30) 1.09 (0.72 to 1.66) 1.23 (0.74 to 2.02)
P �0.01 0.69 0.42

Cardiovascular mortality
Crude HR 1 2.48 (1.72 to 3.56) 1.14 (0.66 to 1.98) 1.36 (0.70 to 2.65)
P �0.01 0.63 0.37
Adjusted HR 1 1.76 (1.21 to 2.54) 1.16 (0.67 to 2.03) 1.15 (0.59 to 2.25)
P �0.01 0.59 0.68

Noncardiovascular mortality
Crude HR 1 2.45 (1.60 to 3.74) 1.18 (0.63 to 2.23) 1.50 (0.71 to 3.18)
P �0.01 0.61 0.29
Adjusted HR 1 1.70 (1.10 to 2.62) 1.03 (0.54 to 1.95) 1.31 (0.62 to 2.79)
P 0.02 0.94 0.48

Adjusted for gender, age at inclusion, cardiovascular disease, diabetes, and dialysis modality.

Table 3. HR (95% CI) and P values for all-cause,
cardiovascular, and noncardiovascular mortality per unit
hsCRP increase in the NECOSAD cohort and HR (95% CI)
and P values for all-cause mortality per unit hsCRP increase
in the Swedish cohort

CCR5 ins/ins CCR5�32

NECOSAD
All-cause mortality

Crude HR 1.52 (1.34 to 1.71) 1.31 (0.93 to 1.84)
P �0.01 0.13
Adjusted HR 1.34 (1.18 to 1.52) 1.32 (0.89 to 1.97)
P �0.01 0.17

Cardiovascular
mortality

Crude HR 1.47 (1.24 to 1.75) 1.05 (0.68 to 1.61)
P �0.01 0.83
Adjusted HR 1.30 (1.08 to 1.55) 1.02 (0.61 to 1.68)
P �0.01 0.95

Noncardiovascular
mortality

Crude HR 1.56 (1.31 to 1.86) 1.79 (1.02 to 3.14)
P �0.01 0.04
Adjusted HR 1.39 (1.16 to 1.66) 2.37 (1.16 to 4.86)
P �0.01 0.02

Swedish
All-cause mortality

Crude HR 1.40 (1.17 to 1.66) 1.18 (0.82 to 1.69)
P �0.01 0.36
Adjusted HR 1.18 (0.98 to 1.43) 0.73 (0.46 to 1.15)
P 0.08 0.17

Adjusted for gender, age at inclusion, cardiovascular disease, diabetes, and
dialysis modality.
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To our knowledge, this is the first study investigating the
interaction between CCR5 genotype, elevated (hs)CRP levels,
and (cardiovascular) mortality in dialysis patients. In line with
our data, studies in other populations generally have shown an
association of CCR5�32 with a favorable cardiovascular out-
come, albeit not invariably so.27 In males, the presence of
CCR5�32 is associated with reduced incidence of myocardial
infarction at a younger age.19 Another study suggested that the
CCR5�32 genotype protected against coronary heart disease.21

In the Nurses’ Health study, a possible association between the
CCR5�32 polymorphism and a reduced incidence of early-
onset coronary heart disease was found.20 Our data extend
these findings in a population with a particularly high cardio-
vascular mortality, namely ESRD, showing that CCR5�32 at-
tenuates the risk of mortality in patients with systemic inflam-
mation as determined by a high hsCRP. Replication in an
independent, somewhat different ESRD population supports
the robustness of this finding. In patients without systemic
inflammation, the CCR5�32 had no effect on mortality risk,
strongly suggesting that the CCR5�32, possibly by receptor
deficiency, ameliorates the downstream effects of systemic in-
flammation.

Our data elicit the hypothesis that CCR5�32 modulates in-
flammation-driven atherosclerosis. Whereas our study does
not allow any conclusion on the underlying mechanisms of the
impact of CCR5�32 on inflammation-driven mortality, sev-
eral inferences can be made. Chemokines play an important
role in the recruitment of inflammatory cells mediated
through chemokine receptors. The presence of a dysfunctional
CCR5 chemokine receptor can modulate inflammation. This
was first described in HIV-infected persons. Homozygous car-
riers of the CCR5�32 polymorphism were protected against
HIV infection, whereas heterozygotes showed a delayed pro-
gression to AIDS compared with noncarriers.28 –30 As inflam-
mation is involved in atherogenesis, it has been suggested that
CCR5 ligands, CCR5, and genetic variation in CCR5 could
play a role in the pathogenesis of vascular disease.10 –14,24,31–34

Thus, it can be hypothesized that CCR5 deficiency in carriers
of the CCR5�32 polymorphism could be beneficial during an
enhanced state of vascular inflammation. We used elevated
hsCRP levels as an indicator of the state of (vascular) inflam-
mation in our population, a phenotype that was shown to be a
predictor of CVD and mortality in dialysis patients.5,6,35 Little
is known about the relationship between CCR5 or its ligands
and CRP during ESRD or dialysis. However, in one study, it has
been observed that acute transcription of anti-inflammatory
cytokines following HD was significantly lower in patients with
high serum CRP levels.36 In contrast, transcription of proin-
flammatory cytokines (including IL-1� and TNF-�) was in-
duced in equal concentrations, regardless of baseline CRP lev-
els. IL-1� and TNF-� are known to induce expression of the
CCR5 ligands CCL4 and CCL5 in renal disease.37,38 Thus, the
diminished up regulation of anti-inflammatory cytokines, to-
gether with enhanced expression of cytokines that stimulate
CCR5-mediated inflammation, could underlie the observed

hsCRP-dependent increased mortality in dialysis patients ho-
mozygous for a functional CCR5 gene in our study.

A potential limitation of our study is that we were not able
to study all included patients from the NECOSAD cohort, be-
cause data on hsCRP and/or CCR5 were not available in a
subset of the patients. In this subset, mortality rate was slightly
higher than in the patients available for analysis. In a single-
cohort study, selection bias and population stratification can-
not be excluded, despite the presence of Hardy-Weinberg
equilibrium and despite confirmation of results when only the
Caucasian subjects were analyzed. However, independent rep-
lication on a Swedish cohort, which was in Hardy Weinberg
equilibrium as well and in which data were available for all
patients, confirmed our results, hereby showing the robustness
of our findings. As, moreover, the number of patients in the
CCR5�32 groups was small, we did an analysis on the two
cohorts combined, leading to the same results.

We used a single value of hsCRP in our analysis. It is possi-
ble that the hsCRP level was elevated because of acute infec-
tious reasons and not due to a persistent inflammatory state.
To exclude patients with an acute infection, we redid the anal-
yses by excluding patients with a CRP � 50 mg/L. This resulted
in comparable HRs for all-cause and cardiovascular mortality.
For noncardiovascular mortality, the HRs were comparable
with those found for cardiovascular mortality, thereby under-
lining the importance of the CCR5 genotype in chronic, in-
flammation-driven mortality.

We used the previously used hsCRP cut-off point of 10
mg/L to divide patients in a group with or without a chronic
inflammatory state. This cut-off point could potentially have
influenced our results. However, analyzing the interaction be-
tween CCR5 genotype and CRP level with the median hsCRP
level as cut-off did not alter the results. Moreover, when ana-
lyzing hsCRP as a continuous variable, the hsCRP level seemed
to influence mortality and cardiovascular mortality in the
CCR5 ins/ins genotype group and not in the CCR5�32 geno-
type group.

Adjustments in genetic association studies could potentially
introduce interference in the causal pathway and thereby bias
through overadjustment.39 For this reason, we reported unad-
justed HRs in the manuscript. However, as we studied CCR5 as
an effect modificator of the association between CRP levels and
mortality, and CRP levels can be affected by confounding vari-
ables, such as CVD, diabetes, and dialysis modality, we also
reported adjusted HRs in the manuscript.

Finally, we only studied a single polymorphism. The ob-
served effect does not necessarily causally implicate this partic-
ular polymorphism, but could be due to another variant in
linkage disequilibrium with the studied deletion. This variant
does not necessarily have to be located within the CCR5 gene,
since patterns of linkage disequilibrium do not follow the pat-
terns of genes in the genome. This is a point that deserves
further investigation. However, our efforts as reported in the
present study were not toward in-depth characterization of the
gene locus, but rather to investigate whether the impact of the
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polymorphism, reported in the literature to be associated with
mortality, was modified by inflammatory status.

In conclusion, our results indicate that CCR5 genotype
modifies the prognosis of mortality associated with inflamma-
tion in incident dialysis patients. Data from the literature sug-
gest that this could be due to CCR5 deficiency (implicated by
one or two copies of a nonfunctional CCR5 gene). This could
lead to attenuation of the adverse effects of a persistent inflam-
matory state that is involved in increased all-cause and cardio-
vascular mortality in dialysis patients. Recently CCR5 blockade
has become feasible in humans.40 Our data suggest that it may
be worthwhile to study whether pharmacologic blockade of
CCR5 could have therapeutic benefits in dialysis patients with
persistent inflammation.

CONCISE METHODS

Patients
This study is part of the NECOSAD. This is a multicenter prospective

follow-up study in which new ESRD patients from 38 Dutch dialysis

centers are included at start of chronic dialysis treatment. All patients

gave informed consent, and all local medical ethics committees gave

their approval.

Eligibility criteria were: 18 yr and older and no previous renal

replacement therapy. For the current analyses, we used data from

patients included between July 1998 and December 2001 in 23 centers

that approved of DNA analysis and had a follow-up of at least 3 mo.

An additional criterium was that the response rate was more than 50%

for DNA analyses of patients in these centers.

Demographic and Clinical Data
The collected data included: age, gender, smoking, primary kidney

disease, systolic and diastolic BP, comorbidity, dialysis modality, and

medication use. We obtained blood and 24-h urine samples at 3 mo

after start of dialysis. We determined plasma hemoglobin, creatinine,

urea, albumin, and cholesterol levels. We measured hsCRP by means

of particle-enhanced immunonephelometry using a standard Cardio-

Phase hsCRP for BNII (Dade Behring Holding GmbH, Liederbach,

Germany). Detection limit was 0.1 mg/L, precision 0.1 mg/L.6 In ad-

dition, we collected blood for DNA analysis. We also analyzed urea

and creatinine in urine samples. We calculated renal function, ex-

pressed as GFR, as the mean of creatinine and urea clearance, cor-

rected for body surface area (ml/min/1.73 m2). We followed patients

at 3 and 6 mo after start of dialysis and thereafter every 6 mo until date

of death or date of censoring, i.e., transfer to a nonparticipating dial-

ysis center, withdrawal from the study, or end of the follow-up period

in June 2007. We did not censor patients receiving a kidney trans-

plant.

Clinical Definitions
We classified primary kidney disease and causes of death according to

the codes of the European Renal Association–European Dialysis and

Transplantation Association (ERA-EDTA).41 The following codes

were designated as cardiovascular mortality: myocardial ischemia and

infarction; cardiac failure/fluid overload/pulmonary edema; cardiac

arrest, cause unknown; cerebrovascular accident; hemorrhage from

ruptured vascular aneurysm; mesenteric infarction; hyperkalemia;

hypokalemia; cause of death uncertain/unknown. We grouped pa-

tients into four classes of primary kidney disease: glomerulonephritis,

diabetes mellitus, renal vascular disease, and other kidney diseases.

Other kidney diseases consisted of patients with interstitial nephritis,

polycystic kidney diseases, other multisystem diseases, and unknown

diseases.

Patients with a history of angina pectoris, myocardial infarction,

heart failure, ischemic stroke, or claudication at time of inclusion

were defined as having cardiovascular disease. Smoking habits are

defined as never, current, or former smoker.

Systemic inflammation was defined as hsCRP concentration

above 10 mg/L. This cut-off point was previously used to divide pa-

tients in a group with or without a chronic inflammatory state.6 In

ESRD patients, this cut-off point for CRP level has been shown to be

the best with regard to the prediction of survival.35

CCR5 Polymorphism
The CCR5 gene is located on chromosome 3p21. We determined the

genotypes with a PCR-based allelic discrimination assay using prim-

ers (Life Technologies, Foster City, CA) and allele-specific probes (PE

Biosystems, Foster City, CA) as described previously.42

We divided patients into two groups based on their CCR5�32

genotype: those homozygous for the major allele (functional recep-

tor), and those with one or two deletion alleles (dysfunctional recep-

tor). Patients homo- or heterozygous for the deletion allele were clus-

tered, since the presence of one minor allele has already been

associated with reduced receptor function.43

Replication
For independent replication of the NECOSAD study, we analyzed

results data from a Swedish cohort of ESRD patients. This is a pro-

spective follow-up study in patients with ESRD close to the start of

renal replacement therapy done in Sweden. We included only patients

older than 18 yr and younger than 70 yr. We did not include patients

who were hospitalized with clinical signs of infection and/or acute

vasculitis at time of admission. We examined patients and collected

blood close to start of dialysis treatment. A detailed description was

published previously.44 We performed genotype analyses by PCR am-

plification followed by size separation of the resulting fragments on a

3% agarose gel and visualization by ethiduim bromide staining. The

resulting fragments were 241 and 209 bp for the ins and the del allele,

respectively. Patients were followed until date of death or date of

censoring, i.e., end of the follow-up period (March 2007). Definitions

for cardiovascular disease, cardiovascular death, and systemic inflam-

mation were the same as described above for the NECOSAD cohort.

Statistical Analysis
We calculated Hardy-Weinberg equilibrium using the gene counting

method. We tested differences between groups with the chi-square

test for dichotomous and categorical variables and one-way ANOVA

for continuous variables. The main outcome measure was all-cause

and cardiovascular mortality within 5 yr of follow-up. We determined
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survival curves with the Kaplan-Meier method. We used the log rank

test to determine differences between survival curves. We calculated

unadjusted, adjusted (for gender, age at inclusion, cardiovascular dis-

ease, diabetes mellitus, and dialysis modality) HRs for all-cause, car-

diovascular, and noncardiovascular mortality by Cox’s proportional-

hazard analysis.

To study the modification of the effect of hsCRP on mortality by

the CCR5 genotype according to Rothmans approach of studying

effect modification (i.e., additive interaction)45 between hsCRP and

CCR5 genotype, we defined a new variable with four categories: CCR5

ins/ins with low hsCRP (�10 mg/L), CCR5 ins/ins with high hsCRP

(�10 mg/L), CCR5�32 with low hsCRP (�10 mg/L), and CCR5�32

with high hsCRP level (�10 mg/L).

We also examined this association for hsCRP level as a continuous

variable by studying its effect on mortality within the two separate

CCR5 genotype groups. Because of the skewed distribution, we first

log-transformed hsCRP.

Finally, to increase the number of patients in the different catego-

ries and hereby power, we combined the two cohorts. For the com-

bined cohort, we performed Cox’s proportional-hazard analysis also.

We used SPSS statistical software (version 14.0; SPSS, Chicago,

Illinois) for all statistical analyses.
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